ABSTRACT
Facility), was built. Its tasks are to consolidate Taiwan's biodiversity data, develop software tools, and hold educational training workshops in related metadata standards and technologies. In 2007, the second phase (2007) (2008) (2009) (2010) (2011) (2012) of the National Digital Archives Program was transformed to Taiwan e-Learning and Digital Archives Program (TELDAP), and an International Collaboration and Promotion Division was added. One of the tasks of this division was to promote international cooperation in biodiversity information. TaiBIF was then incorporated into TELDAP, and its tasks were re-defined (Shao et al., 2008a) . TaiBIF is to collect the ecological distribution data and data in Biota Taiwanica (in English), which is commissioned by the NSC. It is also in charge of the integration of cross-agency and institution biodiversity data. Further, TELDAP is to integrate data from its Institutional Projects, Request-for-Proposals Project, and Biosphere and Nature Thematic Group. It concentrates on the collection of species descriptions (in Chinese), specimens, and literature information. Its task of collaboration with international organizations is assisted by TaiBIF.
As to the issue of intellectual property rights (IPR), TELDAP originally employed the "Creative Commons (CC)" licenses approach. Under a combination of Attribution, Non-Commercial, No Derivative Works, and Share-Alike requirements, data are to be put on the Internet to be browsed by the public. However, for a great deal of cultural content, the IPR issues were not clarified. In addition, the nature of some information makes it unsuitable for CC. For example, the IPR of Taiwanese aborigines is covered by separate laws. Therefore, TELDAP in 2008 had to conduct an inventory of IPR for every item and require project directors to re-sign license agreements, solving the problem of TaiBIF not being able to receive data from the Union Catalog and then submitting them to GBIF.
INTEGRATE BIODIVERSITY DATA IN TAIWAN AND EXCHANGE THEM INTERNATIONALLY
Currently TaiBIF/TELDAP integrates cross-agency, cross-institution, cross-project, NGO, and private biodiversity databases through the use of species name and GPS (latitude and longitude). The most critical element is to build a species checklist as the scientific name is the keyword or link to the integration of biodiversity data. Via the scientific name of a species, its specimen information, DNA barcode (Barcode of Life, BOL), phylogeny (Tree of Life, TOL), ecological distributional data (in EML format), and other information (Encyclopedia of Life, EOL) can all be accessed.
There are three different ways to exchange and share Taiwan biodiversity data internationally (Shao, 2006; Shao et al., 2007b) . The first path is to link to GBIF directly through TaiBIF. The second path is to go through regional networks that are the GBIF's Associate Participants themselves. The third path is for the local organism databases to send Taiwanese native or endemic species information to global species databases (GSDs), such as FishBase and AntBase. They in turn can link to GBIF through large-scale international cooperation projects, such as COL, BOL, EOL, BHL, OBIS, BioNET-International, etc. (Fig. 1) . 
STARTING WITH A SPECIES CHECKLIST-TaiCOL (TaiBNET)
The scientific name of a species is the most important keyword in linking biological information; hence, the most basic task of integrating biodiversity data is to first establish an accurate, authoritative, and complete species checklist. TaiBNET was established in 2002 to integrate and update the checklist of valid species in Taiwan. So far a total of 54,417 native species in eight kingdoms (Virus, Bacteria, Archaea, Protozoa, Chromista, Fungi, Plantae, Animalia), 59 phyla, 143 classes, 662 orders, 3,128 families, and 17,706 genera have been compiled, including more than a thousand cultivars, alien species, and fossil species. TaiBNET offers users handy search functions such as search by partial scientific name, Chinese name, common name, keyword, or string. Users can also browse by the taxonomy tree. Each of the tree's classification levels displays the numbers of recorded organisms in its sub-levels. When a species is chosen, a description page with its classification, synonyms, and literature is shown. and can be freely downloaded as well (Shao et al., 2008b (Shao et al., , 2008c (Shao et al., , 2010 .
The database TaiBNET is currently maintained by a full-time assistant. Authorized taxonomists and their doctoral students can update data online. Afterward, the data are reviewed by top ranking scholars in each taxon. Another way to check the validity of data is to compare the checklist with existing databases such as Sp2000 or the electronic version of Biota Taiwanica. When discrepancies are found, experts in that taxon are invited to double check. Additionally, a fungus can be matched against CABI's Index of Fungi and marine organisms can be matched against WoRMS.
One advantage of international cooperation is to obtain a wealth of other information. For example, Taiwan has 3,086 valid fish species as of 2011; from FishBase, 14,000 synonyms of its native fishes were obtained. The collection of synonyms is important because scientific names and classification systems are constantly being revised. For fish, 1/10 of fish names are changed approximately every 10 years (Pauly & Froese, 2000; Shao et al., 2007a) . Even taxonomists will not be able to track and remember the changes and can only rely on automatic database comparison to detect them. When a user enters an invalid name of a species, the system automatically finds the valid name and links to the right webpages. Otherwise, much of the valuable specimen information in herbaria and museums would be lost if users only know synonyms of a species name. 
ESTABLISHING THE TAIWAN ENCYCLOPEDIA OF LIFE WITH COMMUNITY ENGAGEMENT

Status and analysis of species data in traditional Chinese characters
TaiEOL from the start has utilized its own Biodiversity Bibliography System to record species with Chinese descriptions from biological publications in Taiwan. There are now more than 400 books written in traditional Chinese and a cumulative total of 45,000 scientific names in the system. Using Insecta as an example, there are 21,000 recorded insect species in Taiwan; yet only 4,700 species have Chinese descriptions. Furthermore, only 1,600 out of 6,000 endemic insects have information written in Chinese. These statistics help with the decision on which taxon to invite researchers to fill in with information. They also provide users with the bibliographies of a species when they retrieve information on that species.
Open source software platform of TaiEOL portal
The information collaboration and user-participation concept of Web 2.0 has become an international trend in sharing and integrating biodiversity data. LifeDesks, the modules developed by the EOL project, and Scratchpads, provided by the European Distributed Institute of Taxonomy (EDIT), are two of the most popular participatory platforms. Based on these two types of platforms and using open source software, TaiEOL began to develop its Chinese version with species information as its core.
The TaiEOL portal will build on the existing species checklist of Taiwan. For the 5.4 million species, it will, in staggered phases, invite taxonomists and citizen scientists to join the effort and contribute to its content. Taiwan's endemic species especially need descriptions, images, and popular science material so that the public can easily learn about them and become knowledgeable in Taiwan's biodiversity. Moreover, TaiEOL can provide information on endemic species to EOL to be shared by the global community. Through the portal's biological content management system and user interaction mechanisms, the biodiversity information of Taiwan can be directly and effectively shared and exchanged.
INTEGRATING DATABASES AND LINKING GLOBALLY THROUGH TaiBIF
TaiBIF, the Taiwan node of GBIF, uses the metadata format and tools recommended by GBIF to integrate Taiwan's biodiversity information and share it with the global community. The homepage of TaiBIF is shown in Figure 2 . TaiBIF consolidates various databases in Taiwan, including species checklists, Biota Taiwanica, species occurrence data, Taiwan Encyclopedia of Life, etc. Using biodiversity informatics and tools, TaiBIF enables the general public, academic scholars, and government agencies to gain access to the data on its platform. In addition, TaiBIF introduces international data standards and protocols so that it can meet the two objectives of "deepening Taiwan people's biodiversity knowledge" and "helping to make the world's biodiversity picture more complete." 
Species checklist
The Catalogue of Life in Taiwan project (TaiBNET) offers species names (scientific names and Chinese names) and classification hierarchy and keeps track of taxonomic work. Being the backbone of the project, these data provide means to access all the biodiversity information.
Primary species occurrence data (specimen and observational data)
There are specimen data from TELDAP and observational data from various collaborating domestic databases. A total of 1.59 million digital specimens and observational records are now available. The data come from institutions such as Academia Sinica, National Museum of Natural Science, National Taiwan University, National Taiwan 
Biota Taiwanica
NSC's Division of Life Sciences, in order to fulfill the requirement of the Biodiversity Promotion Plan, assists domestic taxonomists in composing contents for Biota Taiwanica. So far, information on more than 10,000 species has been uploaded online and released to the public.
Literature
Relevant research papers on biodiversity are provided by the Science and Technology Policy Research and Information Center of the non-profit National Applied Research Laboratories. Currently, there are research projects (8,079 articles), research reports (3,987 articles), periodical papers (10,611 articles), conference papers (4,767 articles), Master's theses and Doctoral dissertations (4,171 articles), English journal papers (2,270 articles), and publications (499 articles).
Eco-Photo
Using Cooliris software, TaiBIF presents the ecological photos and videos it collects. It will include the images gathered by TaiEOL in the future.
Species description
The text and images of native Taiwan species as well as popular science material from TaiEOL will be incorporated into TaiBIF in the future.
Web service and tool development
After years of research and development effort, the TaiBIF team has made available many biodiversity information tools to accelerate the integration and sharing of biodiversity data. For example, there are tools to check scientific names and geological coordinates:
i. The scientific names are matched against TaiBNET and Sp2000, and any errors in spelling are highlighted and reported back to the users for reference. Additional information on the taxon level, author, and publication year of the species is provided in the correct sequence so that users can easily standardize the format and increase the accuracy of data.
ii.
TaiBIF converts geological coordinates to the format commonly used in Taiwan so that users can update old ecological distribution data and conduct further analysis and research work. TaiBIF also verifies the coordinates. Its tools will check spatial data for errors; e.g. based on the description of a location and latitude and longitude, the tools can determine if the coordinates fall outside the range. TaiBIF will pass the information back to the users (data providers) to make necessary changes. In doing so, TaiBIF increases the quality of the species occurrence data and accomplishes the goal of integrating and accessing biodiversity data through geographic information.
INFORMATION TECHNOLOGY FOLLOWING INTERNATIONAL TREND
In terms of information technology, GBIF uses DiGIR, BioCASE, and TAPIR with Darwin Core as its metadata standard to integrate global species occurrence data (Hill et al., 2009; Chapman, 2005) TAPIR was chosen by the TaiBIF team to be its data exchange protocol, integrating data (in English) into the original information architecture. However, the majority of Taiwan's species occurrence data also contains Chinese characters. TaiBIF, therefore, made use of TAPIR's customization feature and created a Chinese-language XML extension. Consequently, not only the English data can be shared with GBIF but also the Chinese data can be shared within the original Darwin Core framework. Furthermore, a retrieval platform was established at TaiBIF (Fig. 3) . This framework constantly assists with system deployment at the biodiversity-related institutions in Taiwan. Various institutions and museums have now accumulated over 1.59 million species occurrence data. 
DIFFICULTIES AND SOLUTIONS OF BIODIVERSITY DATA INTEGRATION
Compared to specimen, literature, and species checklists, the collection and integration of the observational raw data are much more difficult. This is due to the fact that once a species is identified and its distribution is recorded by taxonomists or ecologists, the information can be analyzed and written into papers if the information is posted online. However, specimens can only be borrowed with the agreement of their original collectors or managers. As a result, most of the researchers may be willing to provide analyzed charts or tables but hesitate to disclose and share data before they have a chance to publish their papers. It is fairly common, and a regrettable happening, for research data to get lost, destroyed, or buried somewhere (Shao et al., 2007c) .
The reluctance to submit raw data is only one of the reasons why, in the past 20 years, there has not been much progress in the information integration process among or across government agencies in Taiwan. Other reasons are: the complicated issues of IPR, the lack of information collection and management unit in the agencies, the absence of clear, executable policies for information, etc. Hence, entrusted by the National Science Council, Academia Sinica in 2008 set up the National Committee for GBIF (GBIF-ROC), with committee members being either representatives from biodiversity-related agencies or researchers who are in charge of databases. The Committee is establishing data exchange standards, studying and developing viable information policies, and requesting all agencies to include a term in their contracts demanding all their commissioned projects to submit the raw data when the projects end. After a certain period of time, agreed upon beforehand, the data will be open to the public.
Principles for submitting ecological distribution data 8 CONCLUSION
In order to meet the tasks stipulated by the Convention on Biological Diversity, it is elemental to integrate biodiversity data and make it accessible to the public. Only through sufficient information sharing can the multi-dimensional objectives of biodiversity conservation, research, education, and resource sustainability be achieved. The promotion of data integration involves establishing work flow and overcoming difficulties occurring in the process. The difficulties cover many aspects, such as intellectual property rights, data policy, data standards, data quality concept, standard operating procedure of collecting data, and software/hardware development technologies. In this paper, we present the results of the ten-year experience of the Biodiversity Research Center, Academia Sinica in promoting biodiversity data integration. Future work will consider the addition of environmental and hydrological conditions to analyze in order to increase sustainable biodiversity development and policymaking.
9
